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of Searle and Daly (1977) . Field water content was determined by drying soil samples at 161 
105
• C for 24 h. The soil pH H2O was also measured (1:2.5 v/v ratio). The CEC of the soils was 162 determined using the method of Hendershot and Duquette (1986 Flow Analyzer (CFA), respectively.
166
Before determining the grain size distribution of the studied soils, they were treated with 167 1 M HCl and H 2 O 2 (30%) to remove respectively carbonates and organic matter contents.
168
Grain size distributions were determined on the basis of sieving for the coarse component (>
169
150 µm) and a SediGraph (model 5100 grain size analyzer) for the fine component (< 150 170 µm) according to Stein (1985) and Jones et al. (1988) . Silt and clay fractions (< 63µm) were 171 separated from the remaining portion by sieving. Then, the clay fraction (< 2 μm) was 172 separated using the sedimentation-decantation technique according to Jackson (1969) .
173
SSA measurements were performed at the Van 't Hoff Institute for Molecular Sciences, (2575 x g) to remove excess salts after saturation (Whittig, 1965 under formation of deep cracks in a roughly polygonal structure ( Fig. 3a; b; c). 
228
The studied samples had large CECs ranging from 32.3-65.4 cmol c /kg ( ; Table 1 ).
232
The pH was always slightly basic ( Table 2 ). The silt fraction dominated over the other fractions in all studied samples
243
(75-89%); the clay fraction varied from 6 to 20% and the sand content fluctuated between 2 244 and 15% (Table 2) . As a result, the grain size distribution of all studied samples classified as 245 silt.
246 Table 2 . Grain size distribution (% of total mass) of the studied samples. The XRD patterns of Mg-and K-saturated clay fraction patterns confirmed that smectite 255 is present (Fig. 4) . The basal spacing of smectite (001) in Mg-saturated expanded from ~16
256
Å to ~18 Å after the glycerol solvation treatment. Upon treatment with K + , the ~16 Å of 257 smectite contracted to ~12.5 Å at room temperature (25C), slightly collapsed to ~12 Å 258 following heating to 300C, and highly collapsed to ~11 Å at 550C (Fig. 4) . Second-, third-, and fourth-order basal reflections were identified in the XRD patterns of 267 the untreated and glycerol solvation treated samples. Only the first-, second-, and third-order 268 reflections were present in the heated samples (Fig. 4) . The absence of reflection in the glycerol solvated samples (Mg-Gl-treatments) between 6 and 92θ (Fig. 4) this indicates that the type of smectite is Na-smectite (Weaver, 1956; Murray, 1999) .
278
Furthermore, the Na/Ca ratio of tested samples in the KW (3.4-16.5), KO (2.1-3.1), WQ (1.5- 
283
The large content of Na + over Ca 2+ and Mg 2+ cations in the studied sediments which occupy 284 most of the wadi terraces and part of the wadi floors in the low desert zone of the study area 285 probably was responsible for swelling and cracking in the foundations in the new planning 286 area (Mitchell, 1976; Youssef, 2008 
295
Kaolinite in the WQ and AH areas displayed narrow and sharp peaks (Fig. 4c, d ),
296
indicating that it was highly crystalline (Brindley and Brown, 1980). Less narrow but well-297 defined peaks (Fig. 4a, b) were also present at infrequent levels in the KW and KO areas, 
310
Chlorite minerals were detected only in the WQ and AH areas as a very weak peak 311 appeared in the position of the kaolinite peak after heating treatment to 550C (Fig.4 c) . Also, 312 a weak peak was recognized as a shoulder at 3.46 Å that showed no change upon glycerol 313 solvation and heating to 550C (Fig.4 c) The intensity of the clay mineral peaks changed notably in the different sampled areas,
327
indicating variations in relative proportions of clay species of the studied samples (Fig. 4) . On indicating trace amounts (Fig. 4) . There was no indication of the presence of any regularly 333 stratified mixed-layer clay. Therefore, all expandable clay is treated here as highly 334 expandable smectite.
335
The clay mineral assemblages of the Pliocene clay deposits showed an overall similar 336 composition with smectite as the most abundant class, followed by moderate amounts of 337 kaolinite and scarce amounts of illite and chlorite (1-7% and < 1% abundance respectively) 338 (Table 3) . Therefore, representative XRD patterns were selected to illustrate clay mineral .
401
The absence of mixed layer minerals (Illite-smectite) implies that the origin of clay spite of the fact that they did not have the largest absolute clay content of the samples from 417 the area (Table 2) . Therefore, in the KW and KO areas, in contrast to the WQ and AH areas,
418
it is the clay mineralogical composition rather than the absolute amount of clay that include the irrigation of crops (Rashed & Soltan, 2002) .
454
In addition to potential use in regional wastewater (pre)treatment, the studied Pliocene for HM removal but possibly also for toxic gas adsorption (Volzone, 2007) . The grain size distribution of the studied samples was dominated by silts (75-89 %) with conditions under warm and semi-arid conditions. Furthermore, the absence of mixed layer 504 clays confirmed that the tested sediments were derived from transported weathered materials.
505
The 
